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Abstract of JP2001 223436 



PROBLEM TO BE SOLVED: To obtain a 
fundamental transverse mode oscillation up to 
the high output by increasing a difference in an 
equivalent refractive index, in a semiconductor 
laser device having an inner current narrowing 
structure. SOLUTION: On an n-type GaAs 
substrate, an n-lnx8Ga1-x8P lower clad layer 
2, n- or i-lnx2Ga1-x2As1-y2Py2 optical wave 
guide layer 3, lnx2Ga1-x2As1-y2Py2 
compression strain quantum well active layer 
4, p- or i-lnx2Ga1-x2As1-y2Py2 optical wave 
guide layer 5, p-lnx8Ga1-x8P first upper clad 
layer, p-lnx1Ga1-x1 As1-y1Py1 etching block 
layer 7, and n-lnx8Ga1-x8P current narrowing 
layer 8 are deposited in layer in a thickness of 
1 &mu m, and a GaAs cap layer 9 is deposited 
in a thickness of 10 nm. Then, an Si02 film 10 
is formed on the GaAs cap layer 9, and a part 
of the Si02 film 10 in a stripe region is 
removed by a width of about 3 &mu m. After 
etching the GaAs cap layer 9 and n-lnx8Ga1- 
x8P current narrowing layer 8, the Si02 film 10 
is removed, and then the GaAs cap layer 9 
and a part of the lnx1Ga1-x1As1-y1Py1 
etching block layer 7 at the bottom of the 
recess are removed. Thereafter, a p-Alz4Ga1- 
z4As second upper clad layer 1 1 and a p- 
GaAs contact layer 12 are formed. 
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(57) ABSTRACT 

In a semiconductor laser device: a lower cladding layer; a 
lower optical waveguide layer; a compressive strain quan- 
tum well active layer made of In^Gaj^As-^P 3 , where 
0<x3^0.4, 0gy3S0.1; an upper optical waveguide layer; a 
first upper cladding layer made of Iu^Gaj^gP of a second 
conductive type, and formed on the upper optical waveguide 
layer; an etching stop layer made of In xl Ga 1 _^ 1 As 1 _ yl P, 1 of 
the second conductive type, where 0^x1 §0.3, 0^yls0.3; 
a current confinement layer made of Iri > . 8 Ga 1 _ ;(S P of the first 
conductive type, where x8=0.49±0.01; a second upper clad- 
ding layer made of Al^Gaj^As of the second conductive 
type, where 0.20gz4£0.50; and a contact layer of the 
second conductive type are formed on a GaAs substrate of 
a first conductive type in this order. In the semiconductor 
laser device, the absolute value of the product of the strain 
and the thickness of the compressive strain quantum well 
active layer is equal to or smaller than 0.25 nm; the absolute 
value of a second product of the strain and the thickness of 
the etching stop layer is equal to or smaller than 0.25 nm; 
and each of the lower cladding layer, the lower optical 
waveguide layer, the upper optical waveguide layer, the first 
upper cladding layer, the current confinement layer, the 
second upper cladding layer, and the contact layer has such 
a composition as to lattice-match with the GaAs substrate. 

43 Claims, 14 Drawing Sheets 



13 



as>B*mmtf <jp> < 12 > & III *Hf jfr & S < a > wmmmmm 

#W2001 -223436 
(P2001-223436A) 
(43)&BIB ^13^8^17B(2001.8.17) 



F I 

HOIS 5/223 5F0 7 3 



(5i) intci. 7 mm^ 

HOIS 5/223 



*BEN$ *St;ft IS*«©Sfc8 ol (£11 H) 


(21)WR#^ 


ft«2000-31733(P2000-31733) 


C7DHWA 


000005201 










(22)fflB(B 


«2^2^9e(2000.2.9) 




#^nmmsffim^«2io#tf! 






(72)«W# 
























a2mmm 


»ffl ft 






















mmmA 


100073184 








#&± #ta se* wi«) 






F*-A(£#) 5F073 AA20 AA53 M74 CA13 CA14 








CB10 EA16 EA18 



(54) [m<o%m wmu-imm. 



(57) [Rffil 

[flfft^&l nMGaAsSffi 1 ±(Cn-In l8 Gam, PTW* 
yy K12, nfc5Wii-In, 2 Gat* Asi-, 2 P rt ft^fiftl 
3, In l2 Ga« As™ P,! fflliWli4, p 
fo<5W2i-In J2 Gai- l2 Asi -y2 Py2 )t^Sl 5 , p-lna Ga 
1-.8 P±WJS-^7y KJS6, p-In,i Gaim Asi-,1 P n x 
y f-^^PfiJhl 7 , n-In* Gai-a PtSi^l 8*1// 
nu GaAs^ty^Jf 9 Srl0nm^l"f5 o ^(D±(CSi0 2 
KlOSr^fiKU 3 imS&M<Dl&<DX h7>f^»KOSi0i 
ffilOSrB&feU GaAs^-ts/7°l9, n-In rt Ga« PSSt 
^S8&iyf^lfci, Si0 2 RlOfcBiU GaA 
s^-f yT'Jft^AjSffiOIn.i Gain Asi^i P,, iyf V 
^Pilhl 7 &&5frt5. p-Al« Gal-* As±»JSZ^7y 
Kill, p-GaAsny^^ hJgl2Sr^figt5. 



« iMmn n 



> 



(2) 

1 

immi] i-iiSGaAsSSB:, 

IS^Jt^O <x3^0.4*3<tt;0 ^y3^0. lffcS I G 
a« Ash, P* JEBSitftfFffittg, 

ia^Jt^x8=0.49±0.01-efo5^Z^m§y I n* Ga 
i- x8 P±8B$-*7y KS, 

$Jt^0 ;Sxl^0.3&J;t/0 Syl^0.3-efc5»Z^*i! 
In,i Gai-d Asm P,i ^-yfl'WS.ikM* 

J$Jt^x8 = 0.49±0.01-Cfc5f5-*Si!l n lS Ga,„ 

m^Jt^O. 20^z4^0. 50-efc5^r*«S!A 1 z4 G a 

0. 2 5nm^TT-fcl9, 20 
2 5 nmWK^^ 

BW®£T©1;^ MIB^-^SMG a A s 
{E„ 

'>4< £ fc85-i»*S!T8l5* 7 y Kg, 

Jfij4lt#0 <x3^0.4*Jj;t;o ^y3^0.1T*fc5 I G 30 
a™ Asm P rt ffillS*T-#FSttl> 

S&z*SlLtai£-*7 5/KJg, 

fifcJfctfO Sx7£n?fc$&Z$m§!l n„ Gam Pfg 

fiitJt^O £xl£0.3*S<fctJ { 0 Syl^0.3-Cfc53&Z£«§! 
In,iGai-n Asm P n ^-^yf-y^5±M, 

mm./\& ttizxhyj tiros^ j&* * nfc, & 40 

$Jfc#x8=0.49±0.01-Cfc5&-$®!!l n* Ga« 

E$Jt^0. 20^z4^0. 50-?fc5|SZ3Hl!A 1*4 G a 
i-,4 As±«BJ»Z^7yKJg* J *itJ^Z*«i!a> 

0. 2 5 nmEtT-efcJK 

k (Dmmw^m&ft 0 . 2 5nm£TFT*fci9, 



#12001-223436 
2 

y^Pl±IWO^t©i^\ SufE^-^mSG a A s 
S« k S£t 5 fi^-e fe 5 r ft i 1 5 

3 ] l(nB«z*«S!±|»^-^ 7 y Kgtf^ 
!H$Jfc#x6= (0. 49 ±0. 01)y6*3 iOfO. 2 <y6<ltfc§ 
1 n.6 Gai-,6 Asm P»e » £fcfit, iffi$Jfc#0. 25^ 
z5^0. 7Xfo&A 1 zs G a m As <D(/vf ft^CD^"? 

fe 5 r t 1 1 5 ft*ii 2 mv^mw- u-if s 

Ho 

[ft *ll 4 ] MlE^I,! £ itfEjgZ^lS! A 1.4 Ga 
m As±gp^SZ^7y KSt©ra^ 10-40 On 
m©jp*© % lftSJta s x8=0.49±0.01T?*)5^Zi)Hi! 

In. 8 Gam PMtfftMZtlX^ZZ.bWmttZ 

$Jt^0 ^x5<0.3it/0 <y5^0.6T'fe5 In, s G a 

M Asm p^^mmnmsifim^hxis*), 

<ommM<Dmmkm2^<D5\mmm(D£mm 
m<Dmk<D^mmm^o. 2 5nmKTtfe5r^ 
mk tmm 1 4 ^f^iEt©^*^- if 

IMJt^O <x3^0.4&<tW) ^y3S0.1tffe5 I n« G 
a 1-13 Am Pr3 

IMJt^x8=o. 49 ±0. oi-efe5^z?im§y I n l8 G a 
m P±g?»-^7y KS, 

ftjftJtaso ^xl^0.3*5j;U?0 ^yl^0.3X&Z>B-Mm 
Wl n,i Ga.-,. Asm Pn ^y^y^Pl±l, 
ffifi!cib^x8=0.49±0.01-efc5t|-^S§!l n l8 Ga 

m Pl^^l, 

GaAs^ft'7/i^r ©IIKcai U 
iufEGaAs^^y7°l©mSttA^i^?)^^7 H 

ftt, lufE^-^mMl n, 8 Gam Pl«^l<7)l 
tiycGaAs=3r J ry7°l*Jj;(J«I n.i Gam Asm 

p yl ^y3-ynM.m<nnmtx&kt£z>x vy 

mrfEH-^ms I n , 8 G a « P ttHWlitirlEm 
JtaASSrS 5 J: 5 LT, IMJt^o. 20^z4^0. 50X 
fe5^Z^«lA 1 z4 G a m As ±»»Z^ 7 y Kl 



(3) 

3 

0. 2 5nm^T£U 
2 5nm^Tt U 

So 

m-mnmTnt y v vm. io 

IMit^O <x3S0.4*5.fctfO ^y3g0.n?&3 I n* G 
aw Ash, P„ ffifi&^tf-tfFS^ 

«U$J£#0 £x7Sn?fc53Sri|fS§! In„Ga « P 

m&ittfO ^xl^0.3£itK) ^yl^0.3-efe5M-3im 
Iln-Gani Asm P,. fg-^ y T^^PfilrJl, 
ffi^it^ x8 =0.49±0.01-efe5B-*mSl n, 8 Ga 20 
i-, a Pfi»ft$^l, 

GaAs3^y7°Jl£- ©Jf i-^Jl U 

IfliHG a A s 5-^ y7°M<Dmffi&A®bt£%®,ftZX h 

tffEfH**! In,.Ga « P«tfE$$l0« 
45 K7^7W&£U 

HtGaAs^ty^I, InnGai-ii Asm P,i 
fgZ^yT^mirJI&ctUU n„ Ga M Pfg-^y 
7^mihgwS«tiiA&i:fc5* h 7^ 30 

mm-mmm in.Ga,.,, p m«^i±(cpie 

SififiEASlSrS 5 J: 5 LT, *§j$Jfc#o. 20^z4^0. 50 
-e&3fSZ#f;MA l.i Ga i-i4 As ±SBS&Z* 7 7 K 

O. 2 5nm^TtU 

mm-^^rfW^y^ym^M^mmt^mw- 
mmmmm+ttpfcm, mm-tit^y^y? 40 

mmm, 
[000 1] 

[«5U®flt3afff#SF] «0Jfi, 

[00 0 2] 50 



WW 2001-223436 
4 

1. 1 (im©H#HliaW8^t, ****-K 

#»£Ktt3;:fc#j£<ft3;h/O^5 0 flRtf, 0. 9 
8 um^fD^m^—f^UtLX, 1995^|gtf©IEEE 
Journal of selected Topics in Quantum Electronic 
s, Vol.1, No. 2 pp. 102ld*J^T, n-GaAsSSlt 
n-Alo.48 Gao.s 2 A s ~HP^ 7 y Kl, 7 
> K-7°A 1 0. 2 G a 0. s As 3fe*ifil , A 1 

0. 2 G a 0. s As/I no.! Gao.s AsH 
ir^Fffittl , 7 y K-7°A 1 0. 2 G a 0. 8 As 
%,^$.Ms p - A 1 c.48 G a o.sz As t 7 y K 

1, p-Alo. 67 G a 0.33 A s^y^^Pl-lt 
1, p-Alo. 48 G a 0.52 A s -kp$W—$ 7 y 
Kl, p-GaAsJrtym *fe»IK&«Jg U at 

©7* mj y^77>fW5, ii^y^y^^ijffit 

T\ p-Alo. 67 G a 0.33 As^yf-^^Pfilk 
IS-?©** h7^7*©y yv'fllJtSr^U tolly 
^flt3t©Mf-^ KSrC 1 #x<07*sx MciSSftMO 
CVDMiaOn-Alo.7 Gao.3 Astn- 
GaAsSrSfta^ *fe»KS:I§i*LfcflL p — G a A 

v\A 1 ffi$©iS^±gpfg-? 7 y K*©±lca^fi!i*0 
1I4A 1 G a A s ±m~? 7 y KlfcHfifc*** - 

[0 0 0 31 ffc, 0. 9 8-1. 0 2/imS©^ 
V~T%m.b Lt, 1993^Sff©IEEE Journal of Quan 
turn Electronics Vol. 29, No. 6 pp. 1936HUaV{\ n~ 
GaAsiSltn-Al». 4 Ga».a AsT^^ 
yy KJf, 7>K-7°Alo .2 Ga,., AsBI 
1, GaAs/I nGaAs Zlt^FffittJl, 7^ 

K-7°A 1 0 2 Gao. 8 As*fiftjg, p-Al 
0.4 Gao. e A s JbgP? 7 yKl. p-GaAs^r 

^y-fm, wm*mmu mn<Dy*vy y?yy^ 

fciOaftiyT^^&fOTLT* p-Alo., Ga« 
A s hU? 7 y KJg©&«P*-C»* b 7^ 7°© y y v>#| 

mxmu *<dv ywmom-tj k*swmocv 

D^|dj;!5, n-Ino.s Ga,. s Ptn-GaAst' 
« t JBJf Srf^ 5 # tt - 1 * #tt 1 1 § S* 

35^ 7 y Kl©±t VlSffifig©* 5 I n G a P 

[0004] $t>(^ 0. 9 8/imS©t^A17!) 
-^#:^-Hf^gt LT, 1995^tr©IEEE Journal 

of selected Topics in Quantum Electronics, Vol. 1, N 
0. 2pp. 189(C*d^T, n-GaAslSils n-In 



5 

GaP^7yKl, TV K— 7" I n G a A s PftSfift 
Jl, I nGa As P3IK9SN9MK InGaAsIl 
S^FfSttl, I nGaAs P9IS9SMffil« 7V 
K-7* I n G a A s Pft^tl, p — I nGa P±gRjg 
-?7yKi, p-GaAsMSI, p-InGaP 
MSm-tyv KS, p-GaAs^rty7 , I 1 ftftJlg 

yJf%%mLXp- I nGa P±»JR-^7y Kl©± 

^fl^MlM R^^MOCVDjfc^i^ n-I 10 
no.5 Gao. 5 P-CJlfciA^ ilfeStlRSrBfe* tfcp -G a 

a, mmom^m-tz z. t u , &#ft*i«tt 

[00 0 5] 

[*9ia*#ftLi5£*3ISffi] ±!E©.k5.£, ESSE 

*#o. 9-i. i umx\Hi$mmm%m&tm$T%m 20 

[00 0 6] *«0Jti±ffi*it(cM^T, ^ttiTjfStlT 

-f mm&mtz z t zmttz k<Dxh% 0 

[00 0 7] 

fif±, 3S-*«i!GaAs£E±lC, jg-^ms-w 
5?K1, T*Bt**l, ttriUfctfo <x3S0.4*Sj:tfO 30 
Sy3S0. l"Cfe5 I Tin G a i-« A s i-, 3 P rt HUMi: 
±«Bft$i&g, m^it^x8=0.49±0.01 
■e*5lI|tIIn-Gai-- PiSPl-^7yK 
SjSttaASSt*5^ H7^#0ffl#a*Ki*£*i 
fc, llj&it^O SxlS0.3*iJ:tfO Syl^0.3-Cfe5^Z 

I n 11 G a 1,1 A s wi P* >^P1±1> 
mSEA^i^S^ h7^7°^(Dg|5^ 5 ^4$tl^ ft 
figtfc*«x8=0.49±0.01-Cfe5®-»«S!l n„ Ga« 

p mLm&mz.<omKWi£tiiti&m<ohK, m& 

Jt*S0.20^z4^0.50-Cfc5JSZ*Si!Al rt Gai-H A 40 
fEi7^>m±l«Hftt)^i?^O^il^ 0. 2 

iBxyf-y^iaihji^o^-coJia*, nrfES&-sre§! 

[00 0 8] ZZX\ l^FSttlOS* A a £ tt, 
GaAsSW^t^csi U Sttl<D&T-£$c 50 



#12001-223436 
6 

&ca£-f5^ Aa= (ca-cs) / c sX%£tl&i$. 

§1^-0. 25nmS A a ■ d a SO. 25nmt^$tl5 0 
[0 0 0 9] ^7^>^Pllhl0SftA e £fi, 

GaAslSO^I^csiU xy^y^HjhJg 
©feT-^SrcettSi:, Ae= (ce-cs) /est* 
f^5Itfe5„ aiy^^SiihJgoRJfSrdett 
5£, lf#(7)||^^-o.25nm^A e • d e SO. 25nm£ g 

[00 10] S-rtu ±fB^S^t5tf±, GaAsl 
ftO&i^l^c s£U jfcftJgWteT-Jd&fc c tt5 
£ (c-cs) /csT*^^^5IS^±0. 0 0 3W^-C 

[0011] *«K©te©^i»frU-1fgfitt, S&-* 
UGaAsISit, 7 

SS3t*ft«* Wft^O <x3S 0.4*5 it/0 Sy3S0.1T* 
fc 5 I n .3 G a l is Asm P* j±liMi:T-#F?gtt 
1. H-*mi±S8»-^7y KI, S 

tb^O Sx7Sl-tfc5^-5gl§y I n„ Gaw P»- 

IMJt^O SxlSO. 3&j;tfoSyiso. 
3-e*>5*Il»«S!l n,i Gaw Ash. P„ |H 
y^y^HJhl, ft 5* N7^7°^(Dg|5^ 

ll^Jt^ x 8=0.49±0.01T'fe5g-^m 
lln.Ga Pm^^l^^WJIlCiaii^tlfc^ 

B B Bi©±ic, ffl^jt^o. 2o^z4^o. 5oxh%%z.m mm 

A 1.4 Ga,-, A s±M%-9 7y Klfcitf^- 

nan^F^ito^siiijfo^i^ffi^o. 2 

5 n m^T-Cfe 9 , ftjfB^— *3 J: ®H yf-V j/piit 
£ £ ©«©fP©i(ft*MEiS 0 . 2 5 n m 

IMG a A s S«t ^ t *W§L 

ttz>k<DXh% 0 

[0012] ±m^mMff)j&<D^mw^—f^w:^^ 
m tfrtfi^-^mi±^-^7 5/Ki^ N n^jt^ 

x6=(0.49±0.01)y6fciU?0.2 < y 6<lTfc2. I n, 6 G 
a i- .6 As l-y5 Py6 ^ fflfi)cJt^0.25Sz5S0.7 
T*fe5Alzs Gai-zs A s <D^-ffofi*<DU$LXh%Z.t 

[0 0 13] ±^©#^^U-f^E(C*3^Tfi, Su 
fBSfil £ SfifEfg A 1 z4 G a 1-24 As ±M%~ 

9 7V Kl £ ©ffl,^, 1 0-400 nm©f^©, 
Jt*Sx8=0.49±0.01-e*5»r(Wi!l n* Ga« P 

[0 0 1 4] itrlEEIIM*T-#F?£ttl©±T 

M^cJt^O Sx5S0.3J:t;0 <y5^0.6-Cfc5 I n. 5 
Ga« Asm Pt> ^^^MStMifi^ihXtS 



7 

9l3R55l(OT©a*t»2oogiK55WMifi>&W- 

[0 0 15] rcx% ±E5IS9MP«SJi©SftAb 
fefk&cbbtZks (cb-cs) /cs-e*Sii5tt-C 

[0016] fiEaS©^tf-KJ¥Sr d b 1 1 5 i , -0. 25n 
m^Aa ■ da + Ab • db ^0. 25mb^iM> B 
[0 0 17] ttc, * h74-7<Dffi\±l //raftlt&o 

[0018] #8K©¥$ft I'-iFSfiflmfrifc^ 
fg-aflMG a A s Sffi±(^ fs-*HtST9!* 7 y K 
if, T£B)IMJfs fflj&ft^o <x3g0.4*Jj:lM ^y3 
aitfcSIna G a i-, 3 Ai-,3 P, 3 EiMSi^F 
?SttJf s ±*BW81, itidtJt^x8=0.49±0.01-e*)5 

I n.i G a >-,« P ±m~ ?7 7 Kl , 
ttm £xl£0.3*5«}:tf0 ^yl^0.3-efe5M~^lMl 
n.Gami A Shi P»i iyf y^'PHtl, IfifiScit^ 
x8=0. 49±0. 01~efc<5H— 3fH§!J I n, 8 Gai-,8 PS^t 
GaAs^^y^l^r©JI^lU MEG 
a A s*+y7g©mift&W&J: h747° 
$«N*U fcfc, flflEf&-**S I n, 8 G a 1-18 PI 

M2^i©ms&A^&3§i$#£* h747*mm£ 

*$ftfcGaAs3--tS'7 g Jf£J;U?I n,i Ga M As 
hi P,. *y^^PftJhlo«MttA«i:45^ h7^ 

7°t©$#&|^B#(^£Lm tuE^-^mSl n„ 

G a « P *ffi$K$g±fcairiEmaiE&A&&« 5 ct 5 fc 
LT, ffl$it^0.20^z4S0.50T-fc3ll-*mS!A 1 * 
Ga^ A s±Sfir^7'y KltSiUflftlay 
M£^©JfWIf U PlSJ±^*^F|gttl 
©£*£lBJ¥©«©»ftfiI£:0. 2 5nm^TtU if 

u^yi-ymm^m^mw-^mnmmo. 2 
5. 

[0 0 19] *|SK©te0^*{t:u-1fgll©»Jt*jS& 
f±, »-»mSG a A s 3£R±H % &-*«i!TW*7 
y Kg, TSU3t*Sl, IMit^o <x3^O.4fcJ;0O 
^y3^0. ltffcS I n l3 G a i-, 3 A s i-* P y3 ffiffsMm 

y Kl, JfefifcJtaso ^x7^1Xfo5^r^mMl n„ G 
a» Pjg-xy^^^lSllhS, fflj&tt^O ^xl^0.3 
JiitfO ^ylS0.3tf&5fgZl**S!l nx. Ga,-„ A 
Shi Pyi JB-iyf-y^Pllhl, fijfctfc#x8=0.49± 
0.01-C*>5f5-*ia!l n l8 Gam. PSfltSfe^Jf, G 
a As^y 7*1 £-©111(^1 U ftlEGaAs^ 
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U ft£, tuE^-^m® In- G a « Pg$Kft$JB 

mmffi&A&t%6®$tfxh747°mm££ti 

tcG aA s y7°Ms Inn Gam Asm P,i j$ 
HyfV ^Ifilhlfc Win,, G a « P JR-i y ^ 
y^litJl ©«S&A&t&5* h7^7°$©£B#£|W] 
^Hi4Lfct, fuEfg-^SM I n , 8 G a Pi 
»^l-H-MEl»fsiiA&£S 5 «£ 5 LT, jfififcjfc 
10 *S0.20^z4^0.50-efc5»Z«mi!AU Ga w As 

mxmm u mij±m^M^F^m<D^t t mm 
i-iyf^ ^paits ©&ms t mm t ©»©?n©ie 

nm 0 . 2 5nmKTtU iuEffifsMi^ #FStt 

tufe^-^mMGa A sSffiir^S^^-frS^t 

He,, |:i7f^mil©liae ! iU 
20 WP'tl©liJ¥£ d e i , de 2 -0. 25nm^ 

Aei • d e i + A e 2 ■ d e 2 ^0. 25nmt ^£tl<B„ 
[0 0 2 0] ±i&©«#a»ttU~ if'^S^Mjt*fe^*3 
V^Ttt, MEG aAs^ft y/it;, *-*«i!4fcf± 

[0 0 2 1] £ib(CS±, fiEGaAs^r-r-7 7°l^l 

[00 2 2] S fc, IfiE^Z^mMA 1 G a As 

30 «^l±(cpE«»ftftA£^S 5 J: 5 LT, 10- 
4 0 0 nmOfW, ffijjjcit^x8=0. 49±0. OlT'feS^ 
Z^f|§y I n, 8 Gaw 

V\ UnGa P1&2 5 0~3 0 0 nm©|^ 

[0 0 2 3] £ feIC, fuEi±liS»^Fffittl©±T 
(C, ffi^Jt^o ^x5S0.3*5j:^0<y5^0.6-CS)5 I n 

•s g a « a s i- y5 p >5 ? i k 5 mwuM l , me 

Emi^FSttl ©MS £)!)¥©;» 
PMl ©H»t^2o©?iegf9 31^111 ©-^f+©^J?© 
40 «t©?P©|6*f{a^0. 2 5 nmfitT #34 

[0024] ±E^-^1M i ^Z^l§y t !±2 

nz^m§y a n ST?* 5 i i Sr*t. * fc, 7> K 
-7 bit* pSfc5^fin§y©^ftL©^|36^fc k-^ 

[00 2 5] 

[«PJ©'?J)J|] *»Wo**#i/-lfifiltK:J:5i, # 
mS^l^ In..Ga « Pit, 7 y K 

50 ItAUGaw As t UTV^Sfcfe, 
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$^i.5~7xio" 3 nmm%.&<mmz> 

r tas-Ct, K»fi©* y h*7#SfifclSS 

[00 2 6] &z±8|S* 7 y KlSr^fit5#ffi 
©l©#I$}iA l fc-&A/t*v*5 i:, A l tfBMbSii* # 

yyy KStrj£g£ #3 *fc, A 1 ©ift 

[0 0 2 7] rt«fcmilEflE$i$:SWT^3© 

[0 0 2 8] m«^l^lSit31tiCj;i9 N g 

ffiI$^©m)jfcaA©§^ «M®£#!3 

[0 0 2 9] ly^^BJhMCInGaAs 
P*ffiV>TV>5fcit) N InGaPl)Sft$li©x.^ 
f^u-bca^StfUJBL, v^y h^y^^tiS 

[0 0 3 0] MIE^lirA 1 z4 G a in A s ig&HZ 
?7y Klt©ra^l 0~4 0 0 nm©J¥^© I nGa 
PlfcRttSHifcitK Al* Ga« A s JbgjJ^H 

9 7v ki© a i (Dm^$iJtP$5ia*j£if 5 r i 

[00 3 1] Sfc, JE*8Ei;*#FEftfel©±7fc, ft 
J^Jt^0^x5^0.3*Jj;^0<y5^0.6-efe5 In, Ga 

[0 0 3 2] * W7W1 (imKlf!)¥|ft 

r in* -rm-K-efeot^ {g 

jfetiixtf, I nGa Pm«^l©±(CGa A 

s*+y7 p B&7&$-f5;:ifc.£!K InGaPl» 

37? KlfcH^t 3fu^©Ga As 

[0 0 3 4] 

[00 3 5] **^©^-©^Jfi^lBtJ;5#3![flcu- 
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[0 0 3 6] Ell ald^tJ:?^ nSGaAsSSl 
±£«&lMtB/fcg}£(£ =fc 9 n — I n is Gam P T 
U9yvYM2 (x8=0.49±0.oi) N nfe3^fii-I 
n.2Ga,- E Asi-,2 Vn %W&M 3 (x2= (0. 49±0. 0 
l)y2 % 0^x2^0.3) , I nx3 G a 1-X3 A s l-n Pt3 !±M 
M*^#FS14£4 (0<x3^0.4 s 0^y3^0.1) , pfe 
•5^(1 i - I nzz G ai-zz A s i-yz P? 2 )£>i$tjf5 (x2 
10 = (0.49±0.01)y2, 0^x2^0.3) , p-In.Ga^ 
P±»»-*7vKJ|6 (x8=0.49±0.0l) , Jf^^fij 
Xlif2 0 nm©nfo§VMip- I n<i Ga» As™ 
Pn ^-y^y^Plitl7 (0^x1^0.3, 0^yl^0.3) , 
WS^WjUJI nmOn-I n x8 Ga« PS^^l 
8 (x8=0.49±0.01) , f^MlilOnmOGaA 

s*+y7**9Srast5. r©_hts iO, KlO*^ 

jiftu (o 1 1) *^](^at©y y^yy^iij;^ 3 // 

m@g©*g©* h7^7°»DS i 0, BllO£|&*t 

■So 

20 [0 0 3 7] fcfc, Ell bt*1-J:5fc % S i o 2 Kio 
UC, S(ESm^yf-V^h"CGaAs=¥+y 

n-In„Ga« PmSWI 8 Srni ?-fZ> Z. 

I nxi G a i-xi A s i-yi Pn ^yT^^Pllh 
I7^gtti$it3„ 

[0 0 3 8] Ell cfcarfiSfc, S i 0 2 RlO 

Sr7yH3R©3iyf-^y|»-cBi4U 3l#i&Sfflilt&t3R© 
^y^^r>NT\ n-GaAs^rt^7'l9tSOJlB 
©p- I nxi G a l-xi A s ,-n Pn ^v'fVfWkM 7 & 
30 8&*t3 0 

[0 0 3 9] *0t* % El 1 d f^tcfc 5 p — A 1 Z4 
Ga™ A s±M%—9 7y Kill (0.2 ^z4^0.5), 
p-GaAs3y?^h|12^Wt5„ *O±fcpfl0 

mtii3SrffMt, mnomm^n^nmw&m^t 

^fi^^^tS, p-In., Gai-„ ?±.UW 
-9 7 y Kl 6 K3SS^i« Ul^t "CiKIKp-C 

40 [00 4 0] ***OJ|i»t*JV>Ttt^ ^ 7 y 

KlSrA la Ga 1-Z4 As t L s 1«^l?r In..G 

a « p t Lx^mmmmnmtm^mnm^m 
lt*j<9, a^^^i.5 ~7x 1 o -3 nmzx% 

[00 4 1 ] fc*S, ±ISHJI©^tc:*3V^-C, G a A s 

^ty^lfl, ni, pa, ryK-^o^-fix-Cfco 
Tfci^o InGaPlWiffllCGaAs^ty 
^l^^tS^ti-i 1 ?, InGaPia$lCl 
50 (ClgW^^$tl^f9, Il^hi«J 
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KlfcSritJH^Wfc-tCG a A s y/Mil^t 

[004 2] L^Lft^k, WUGaAs^y^ 

*tJ:5fc, I nGaP«SEHWW8±titftS iO 

2 ttlOSr^t (I3 2a#fig) , S i0 2 RlOfcv* 
^ilt, illxyft^Ft f n-In,. Ga,, P 
W$&M8**y?-y?t5ZkKi.*), I n„ Ga 10 
i^i As w Pn 3iy^>^PUhS7S:Biai$* (02 
b#fig) , S i0 2 Kl0S:7ySteR©*yf-+^h-CKf 

n.tGai,, As w P* =yf ^Plltf 7 ££££L 
X (®2c#fi8) , ±fE^-<D^Jfe©^lt^<7)^ 
fcu—fM? (0 2d#fig) S:§!!J£t5^i:fc-Cf So 

[0 0 4 3] **5lj0aSH0*lfi^flgfc.fc3¥ 
*ft:u-1fjS^-©3tffiW*lSl^>ttL-COBfffi0*03H 

o^T»|B]«F*t#LI!ulfi**l»1-5. 20 
[0 0 4 4] ±fEB-©^»l<!r|W]1i(Oii@^ST, 

tfilEK^O^yf + ^ K'Ga A s 3^ -y7°l9 iff© 
HEE© Inn G a i-u Asi-,1 P yl iyf-f^RLlhl 7 
H3t*tct5t, J?$^Jxtf5 0n 
mfMS©p-I n« Ga,-,, Pifl5 (x8=0. 49±0. 01) 
:©p-ln„ Gai-„ Pll5±(Cp-Al 
..Ga^ As (0.20^ z 4^0. 50) k%%-7 7 V K 
111, P -GaAs3^^Ml2«t5. ^©& 

H*toi|gfc»l-C, f-y^ftfC** 30 

[004 5] ^HJfi©^©* 5 t-. p - I n G a Pi 

i5mtt%^bK£*), h%%^7v K1©A 111$ 

GaPll5©J?#.fil 0 OnmMC^y KJgfctfb 
T, 10~4 0 0nmO«Hi s ffSL<, #|C2 5 0~ 

3 0 0 nm^iiT'feSo 
[0 0 4 6] 

1f*^©3tffll+*lRl^L-C©BfS0Sr04k:/Tt. « 

- *5 at = ©nafi^ifi t nm<DWgm& <t u*i«$ 40 
[0047] xmitmix w.^mmm^m^.u 

—fStttS^X, In.Ga™ As™ P« £BK£ 
*^FSttl4 (0<x3^0.4, 0^y3^0.1) ©±7 
In. s Gai-, 5 Asi-ys P y5 3136931 
(0^x5^0.3, 0<y5^0. 6) , In, a Ga 

i-.5 Asi- y6 p y5 5i§fi?>aiiftsggi7 (o^x5 

£0.3, 0<y5^0.6) Sr* bW»*$*fct©-C*5. 

*H16©^«tt, ::©Pilil©ftt^JMiJti£L 

T, LtvMfit^©^7^#tt©$#^ft£ft, fSffitt 50 
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[0 0 4 8] ±B»-i»6||ls©||»|StiK:»^ 

a Ga i-25 As (0.25 
^z5^0.7 ) tU £*&ff®tt&&Al,i Ga,-, A 
s (0 ^z2^0.2 ) t LXt^\ 

[0049] *%w<D%3.o>m)mitii\ziL&*m- 
Lxmmmm5K*u ^omm^mtmxmm 

[ 0 0 5 0 ] M 5 a KKtiL 5 «£JlMfS$ft£ 
i-Ul^, n-Ga AsSffi81±(C, n-Int Ga,-,« 
Asm P* 788* 7 y Rl82(x6=(0.49±0.0l)y6, 
0.2<y6<l) , nfe5^(4i-In,2 Gai-,2 
As,- y2 P y2 7t^Sl83 (x2=(0.49±0.01)y2 s 

0^x2<x6) , I Ill3 G a 1-13 A S l-y3 Py 

3 J±£fg31i:7#F?£ttJ|84 (0<x3S0.4, 0^y3^0. 
1) , pfcSWi i - I n, 2 Gai-,2 As« P, 2 %M 
&185, p- I n. 6 Gai-,6 Asm Py6±gflf|-*7 
V K186, p — I n ,? G a ,-, 7 Pf-iyfy ^PULJg 
87(0 gx7^1 ), S^mii*2 0nm©p-I n« G 
ai-xi Ash, Pn %—^y s j-V7*y&±W& (0^x1^ 
0.3, 0^yl^0.3) , JP$iJW>ttfl //m©n- I n* 
Ga,-. PlS^l (x8=0.49±0.0l) 89, Jf^ifiM 
^Lffl 0nm©GaAs^r+y7"l90Sr®l-t5 o C© 

±ts io 2 R9ifcj|fj4u (oil) ^tafljfoy 

y^77^(Cil9 3Mmif©|©^ h747°m®<DS 
i O. Sl9l£Bfc*t6 0 

[0 0 5 1] H5bt*tct5t, S i 0 2 R91 

Sr-r^^tLT, ttix-yft^K'GaAs^-r-7 

n I n ib Ga« PWMW$MB9$:^*s?->'?tZZ. 
t\Z.ii<0, p — I n xi G a i- H A s i-yi P„ Iliyf 

ym±i88^ta$*5 0 

[0 0 5 2] 7^(C1 N M5 c}C/Tti5i-s S i 0 2 R91 

^y^^VNX, GaAs^r-ts/7 o l90i:jt©j£®©p- 
In n Gam Ask, Pn 

[0 0 5 3] ftic:, EI 5 d tScf £ 5 p - A 1 24 G a 
m As (0. 20^ z 4^0. 50) 7 V KJg92, 

p-GaAsn^^H93JMt5o ^©±(Cp$J 

l^— f^-T-Sr^J^^-tirSo p-In^Ga^ Asns 

p,e ±gp^-^ 7 y Ki86»s*«*- mmmftfi 

[0 0 5 4] ±EHft©»ftt*S^-Ctt^ iu3£© 

tts nl, pi, 7^ K-7 0 ©v^■ft^-C■feo^: l bJ;l/\ 
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[0 0 5 5] ^(DmWmt LT06,C/irf <fc?i^ 
InGaP IWfJf 89_kiiit$ SiO, R91 SrJgfife 
L (06 a#l) s S i O2 Sl9l£-7 7^i:LT, tttt 
liyft^ft-n-I n l8 Ga« PlS$^Jl89£ 
^S/f-y^1"5^ tlCi 0, In,, Gaw As,-,. P 
n (06b#$) , 

S i0 2 R9lS:7yK3R©^yf--ir^h-eKs*U 3lt 
WtflEBl5R©*yf--rl'h-C, }f©j!£ffi©p-I n* Ga 10 

A S l-yl P yl 

(06c#fg) s ifEjgi©!!^!^^©^^ 
— F** (06d#l) SrKJgt5ii:fc-e#5. 

[0056] *m<D%tmMftm\z.£Z¥ 
[0057] mm^wmm t mm^mmx, 

S i0 2 K91fr7y|»3:y?-*yh-C|fc*U 
IliHOxyft^h-eGaAs * + 5/ 7*Jg90 ki% © 20 
IfflOp-In., Gau Asi-yi P,i i'^ 

5 0 n mU&<D p-In,. G a i-* Pjf 96 (x8=0. 49 
±0.01) taiU -©P-I n* Ga,, Pf96±|£ 
p-Al,« Gan, As (0. 20^ z 4^0. 50) ±S5^Z 
^7>KJf92, p-Ga As M93^Jf^-f 

ikixmfc^~-fm?z%!&£itz> 0 
[0058] mmn^mmmkmm^ :© P - 

I nGa Pl96(7)Jf^.[±l 0 0 nmgS©^? KJgJC 30 
*frl/t, 1 0~4 00nm©WWSL< > #iC2 5 
0~3 0 0 nm^*a^S)5o 

[0059] *wn<DW,)\<D%Mmm\L£h?myfu-- 
■fm^mH^KMLxmrnrnmsK^t. % 

[00 6 0] *HJ6^ISf±, %-t(oWs3m<o^mv 

— tWftfcV^t, In D Ga,„ As™ P« JEBRSS 
S?#Fffittl84 (0<x3^0.4, 0^y3^0.l) <D±7 
fc, In*Ga M Asi-, s P* 9 SPtMJf97 (0 40 
^x5^0.3, 0<y5^0.6) , I iiis G a i-x5 A s i-»s P 
,5 3l$0£l$g£98 (0^x5^0.3, 0<y5^0.6) 

[00 6 1] fc*s, iEISifrfefcAoSIJfc^iaicis^ 

AUGaw As (0.25^z5^0.7 ) tLtfciK 
[0 0 6 2] iE*^©^*©^*^- 1f8 

■ t*5^T, 381g't5ftfi»ltHtTtt, In„Ga 50 
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i-«3 Asi-r 3 Prs j±Hl?Sttl (0<x3^0.4, 0^y3^ 
0.1) J:U % 9 00<K 1 2 00 (nm) ©$5H$T? 

[0 0 6 3] ±E03tttO»*t*J^-Ctt N Biff 

© ftJRfc fe ffl ^ 5 1 fc ^ BlfgT'fe 5 o 
[00 6 4] S=fc, Ifljjjfctt, nS©*«ttS:*t5G 

S©^mtt£rf5S«£ffl^l#|j&?tJ:<, ^© 
*3\ ±Et^T©*mte&K*H;:-ttLtf 
[0 0 6 5] ifc, ±ffi©H!£©^tgt*i^-Cf±, 

[0066] tut. ±.m<DW&mmx\x ttRFtfi 

&--e%mil3mj&tf-feo s qw- scHi Pptfft* 
5 #l»T-#F*M-efc o r t> i i \ 

[0 0 6 7] Sfc, ^ H B B l©J5!cfi:fet LT, BftfcS^ 
14^ 1 1 5 ^T-S^ t° ^ * \ )\<m& * ffl ^ 

[Bll] **^©»-©^16^ffiltJ:5^*{*:u-f* 
[03] *«0J©^Z(7?||»licj;5^^i/-f^ 

[04] mw<D%E<D%Mm\ciz>mw^~-fm 

[0 5] *5SM©Bi©HJfi^ffim:5^fru-1f5ft 

[06] *%&<D%x<Dmmte\c3L&!m#i>~-i ! $i 

[0 7] *%5^©^-t©^Jri^li-i5^#:u— f* 
^©I^B0 

[08] *^0J©^A©H»lHJ;5^fr^if^ 
^©8)rB0 
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10 S i O2 If 
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